The effect of food on the absorption of amoxicillin and ampicillin was studied in 16 normal subjects in a double-blind crossover study after each subject was given a single oral 500-mg dose. Serum drug levels were analyzed, assuming a one-compartment linear model with first-order absorption and absorption delay, area under the curve, and urinary recovery. Variations in kinetic parameters were examined by using analysis of variance. The results showed little or no effect of fasting versus nonfasting on amoxicillin absorption, as evidenced by peak serum levels (8.9 ,ug/ml, fasting, 8.8 ug/ml, nonfasting), area under the curve (26.9 ,ug/ml per 70 kg, fasting, 22.2 Ag/ml per 70 kg, nonfasting), and urinary recovery (47%, fasting; 44%, nonfasting). Ampicillin absorption was significantly decreased in the nonfasted group by the same parameters (peak level: 5.4 ,ug/ml, fasting, 4.0 ,ug/ml, nonfasting; area under the curve, 17.4 h-,ug/ml, fasting, 12.0 h ,utg/ml, nonfasting; urinary recovery, 37%, fasting, 29%, nonfasting). These results confirm the reliable absorption of orally administered amoxicillin in the fed as well as the fasted state.
The effect of food on the absorption of amoxicillin and ampicillin was studied in 16 normal subjects in a double-blind crossover study after each subject was given a single oral 500-mg dose. Serum drug levels were analyzed, assuming a one-compartment linear model with first-order absorption and absorption delay, area under the curve, and urinary recovery. Variations in kinetic parameters were examined by using analysis of variance. The results showed little or no effect of fasting versus nonfasting on amoxicillin absorption, as evidenced by peak serum levels (8.9 ,ug/ml, fasting, 8.8 ug/ml, nonfasting), area under the curve (26. 9 ,ug/ml per 70 kg, fasting, 22.2 Ag/ml per 70 kg, nonfasting), and urinary recovery (47%, fasting; 44%, nonfasting). Ampicillin absorption was significantly decreased in the nonfasted group by the same parameters (peak level: 5. 4 ,ug/ml, fasting, 4.0 ,ug/ml, nonfasting; area under the curve, 17.4 h-,ug/ml, fasting, 12 .0 h ,utg/ml, nonfasting; urinary recovery, 37%, fasting, 29%, nonfasting). These results confirm the reliable absorption of orally administered amoxicillin in the fed as well as the fasted state.
Although amoxicillin and ampicillin are similar in chemical structure and microbiological activity spectrum, amoxicillin yields higher blood and urine levels at equivalent doses after oral administration (1, 3, 4, 7, 8, 10, 14) . Most authors have found the effect of food on the absorption of amoxicillin to be insignificant (6, 9, 12) , with the exception of a recent study by Welling et al. (13 Serum level data were well described by a singlecompartment open model with first-order absorption process. An iterative least-squares method was used to find the volume of distribution ( Vd), absorption rate constant (K.a), elimination rate constant (Ke), and absorption lag which best described the observed serum levels for each patient (11) . As an initial step in the analysis, individual plots of observed and predicted serum levels were generated by computer and examined. We have found this step to be particularly valuable in automated pharmacokinetic analysis.
Subsequent statistical analysis is based on the individual kinetic model for each subject. The area under the curve (AUC) and urinary recovery (UR) were examined for each drug, using least-squares linear regression as a function of measured weight, height, and body surface area (2) . We found the coefficient of variation (ratio of within-group standard deviations to means) to be minimized for AUC when corrected by weight. For UR, the coefficient of variation was not improved by correcting for height, weight, or surface area. Subsequent analyses are thus reported for AUC, and peak concentration is corrected for weight, whereas UR is uncorrected.
Statistical analysis. The total area under the serum concentration curve (AUC) is probably the best single measure of drug bioavailability when elimination remains constant. UR provides an independent measure of drug absorption. Our (null) hypothesis was that the test meal would not affect AUC or UR for either drug and that there would be no difference between drugs.
Analysis of variance was applied to each pharmacokinetic parameter. For each dependent variable (AUC, Ke, UR, etc.), the amoxicillin and ampicillin data were examined separately for the effect of food, as well as for the overall drug effect and food effect.
RESULTS
Absorption kinetics. No statistical difference was observed in the Ka for ampicillin or amoxicillin after a meal (Tables 1 and 2) , although the average Ka was 1.39/h for ampicillin and 0.99/h for amoxicillin. Absorption delay (lag time) was increased for both drugs with the test meal, as shown in Table 2 , possibly reflecting a slower capsule disintegration or increased stomach emptying time.
Serum levels. Time to reach the peak concentration was greater in the nonfasting group with both drugs. This closely parallels the increase in lag time, since the Ka showed little change. Mean peak serum levels of amoxicillin were 8.9 [Lg/ml in the fasted and 8.8 yg/ml in the nonfasted subjects. Mean peak ampicillin levels were 22% lower after the test meal, with an associated P = 0.055 (Table 2) . Ampicillin peak levels were 41% of amoxicillin levels.
AUC. The mean AUC for amoxicillin was 5% less after the test meal. Ampicillin AUC was reduced by 31%, with an associated P = 0.003. The average AUC for amoxicillin was approximately twice that of ampicillin. A graphical comparison of the two drugs in the fasting versus nonfasting state is presented in Fig. 1 (7).
In nonfasting patients, Little and Peddie found no significant meal effect in a multidose study, but the design precludes meaningful comparison with other papers (6) . In addition to the data for 500-mg doses, Vitti et al. studied other regimens in nonfasting patients (12) . Amoxicillin given as a single 3-g dose was compared to 3.5 g of ampicillin plus 1 g of probenecid. Peak levels and AUC were almost identical. Other reports which involved amoxicillin alone have also demonstrated little or no food effect. Neu and Winshell measured fasting and nonfasting levels of amoxicillin in four patients after a 500-mg dosage and found peak levels of approximately 8 ,ug/ml in each group (9) . The AUC appeared unchanged; interestingly, the time to peak was 1 h after the meal, but occurred 2 h after dose administration in the fasted group. Croydon and Sutherland gave 375 mg of amoxicillin to each subject in a crossover food effect study; the peak level at 2 h was decreased somewhat (7.3, fasting, versus 5.9, nonfasting), but UR was 53% in each group (1) .
The present study is comparable only to that of Welling et al. (13) , since both were specifically designed to investigate food effect and included ampicillin and amoxicillin. Differences may be explained by several factors, all of which may interact.
In the Welling study, subjects received 250 ml of water 1 h before the dose, and then either 25 or 250 ml with the dose of ampicillin or amoxicillin. Our subjects were given 120 ml only at the time of medication adminsitration. Since the water solubilities of amoxicillin trihydrate and ampicillin trihydrate are 4 and 6.6 mg/ml, respectively, some volume effect might be anticipated. Limited in vitro dissolution data indicate increased dissolution rates for amoxicillin at lower pH, but more definitive studies have not been completed (data on file at Beecham Laboratories). Additionally, the disintegration rates Comparison of our results with those of Welling is also difficult in view of the fact that different preparations of amoxicillin were used. Formulation differences may lead to varying results in disintegration and dissolution and, therefore, absorption.
In summary, the results of the present doubleblind crossover study in 16 subjects show no significant effect of food on amoxicillin absorption as judged by individual mean serum peak, AUC, and UR. These same parameters were significantly reduced when ampicillin was given after a meal.
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